Increasing the number of students who study mathematics once it is no longer compulsory remains a priority for England. A longitudinal cohort from England (1085 students) was surveyed at Years 10 and 12. Students' self-beliefs of ability influenced their GCSE mathematics grades and their intended and actual mathematics subject-choices; the degree of under-confidence or over-confidence related to these self-beliefs was also influential. Additional factors that significantly influenced students' intentions at Year 10 to study mathematics in Year 12 were the advice or pressure to do so, the extrinsic motivation associated with mathematics, their gender and the emotional response associated with doing mathematics. These same factors were also significant influences on students' intentions at Year 12 to study mathematics at university, with the addition of their intrinsic motivation associated with mathematics. Although gender was not a significant influence on GCSE mathematics grades or whether students actually studied A-Level mathematics, boys were associated with higher intentions to study mathematics into Year 12, 13 and university. Additionally, girls were generally more under-confident than boys in their self-beliefs.
Introduction

Self-beliefs and subject-choices
Increasing the numbers of mathematics students and graduates remains a priority for England; mathematics helps solve problems throughout the physical sciences, computer sciences, engineering, medicine and many other areas, and more students and graduates are hoped by policy-makers and stake-holders to ultimately benefit the wider economy (The Royal Society, 2011) . Mathematics A-Level entries have only recently recovered following a decline owing to the introduction of Curriculum 2000 (Department for Education, 2011), and it remains important to explore why students decide to study A-Level mathematics or not, especially as fewer students in England study non-compulsory mathematics compared with many other countries (Hodgen et al., 2013) .
Students' attainment in GCSE mathematics has a major effect on whether they continue with the subject once it becomes non-compulsory. Students' GCSE grades in 2008 and their A-Level choices in 2009 and 2010, for example, highlighted that 79% of students with GCSE mathematics grade A* and 48% of students with grade abilities, attainment, or success. When considering the accuracy of students' selfbeliefs, a student's justification for holding the belief is not necessarily explored, and the reported belief is compared with an external indicator (such as examination grades); however, a student might feel justified in holding a belief that coheres with their other beliefs, for example, even when comparison against an external indicator might suggest that the belief is too high or too low. Measures of the accuracy of selfbeliefs are artificially created indicators, and cannot necessarily confirm whether students undertake similar self-evaluation of their beliefs; nevertheless, such measures have been considered to reflect self-awareness of cognitive processes and related areas (Zimmerman, 2000) , and the area has revealed significant and informative findings.
Students often, but not universally, over-evaluate their abilities. This has been seen at various ages, including at primary school (e.g. Bouffard et al., 1998; Bouffard et al., 2011) and at university (e.g. Gramzow et al., 2003) in Canada, Europe and North America. Social-cognitive theories of behaviour (Bandura, 1997) propose that such over-confidence is normal and can facilitate increased motivation and persistence when difficulties arise and provide protection from negative affect; the associated implication, that under-confidence can be limiting and associated with affective or other costs, has been supported through further research in Canada and Europe (e.g. Bouffard et al., 2003; Narciss et al., 2011) . Alternately, self-regulated learning models (Butler & Winne, 1995) promote accurate beliefs as integral to personal wellbeing and functioning, and this has important implications to students' studying approaches and motivation; students may study less if they believe that they already master an area, for example, which becomes problematic when the belief is inaccurate (Winne, 1995) .
Accurate self-beliefs have frequently been associated with higher performance or attainment. For example, higher-achieving primary students in Canada had more accurate beliefs of their reading ability than lower-achieving students (Bouffard et al., 1998) ; primary students in Germany with accurate self-evaluations had greater increases in satisfaction with their performance after a four-week arithmetic training programme compared with students who over-evaluated (Narciss et al., 2011) ; higher-attaining secondary students in North America had higher self-efficacy, selfconcept and more accurate beliefs (Pajares & Graham, 1999) . Accurate evaluation also predicted mathematics performance in secondary students in North America (Chen, 2003) and in students surveyed by the Programme for International Student Assessment (PISA) in 2000 (Chiu & Klassen, 2010) ; accurate evaluation has been additionally associated with more interest in mathematics in Greece (Gonida & Leondari, 2011) . Higher-performing undergraduate and graduate students in North America have generally been found to be more accurate but slightly under-confident in their predictions and retrospective evaluations of their performance, while lowerperforming students were much less accurate and largely over-confident (e.g. Ackerman & Wolman, 2007; Bol et al., 2005) .
The present study
This study draws on data from the Understanding Participation rates in post-16 Mathematics and Physics (UPMAP) project, a longitudinal mixed-methods project 464 R. Sheldrake et al.
exploring mathematics and physics choices in non-compulsory education (Reiss et al., 2011) .
While earlier research has explored factors influencing subject-choices, attainment or the accuracy of self-beliefs, less work has explored these areas together. In addition, research into the accuracy of self-beliefs has mainly occurred in Canada, North America and Europe (but to no great extent in England), and fewer studies have considered secondary school students. The accuracy of self-beliefs may be relevant to students' choices and eventual progression: under-confident students may not select subjects that they might otherwise succeed in and enjoy, for example, while over-confident students may select subjects that they are subsequently unable to continue in.
Accordingly, this study aimed to explore the influence of self-beliefs and their associated degree of overall accuracy and bias (towards over-confidence/over-evaluation or under-confidence/under-evaluation), 1 on both mathematics attainment and subject-choices; the work also aimed to identify any further influential factors on mathematics attainment and subject-choices. This required a focus on self-reported beliefs rather than wider factors (whether personal, contextual, social or other factors; the influences of such factors are explored through further work developing from the wider project). Under-confidence/under-evaluation was hypothesised to link with less inclination to study mathematics, following the association of affective costs with under-confidence/under-evaluation (e.g. Narciss et al., 2011) .
Some studies have additionally found that boys tend to over-estimate/over-evaluate their performance (e.g. Gonida & Leondari, 2011) , while others have found no gender differences within overall accuracy or bias (e.g. Bouffard et al., 2011) , so exploring any gender differences was a supplementary aim; girls were hypothesised generally to under-evaluate their performance compared with boys.
The main research question was to determine the influence of the accuracy and bias of self-beliefs of attainment and confidence in mathematics on both mathematics attainment and subject-choices. Highlighting any further beliefs that may influence attainment and subject-choices, and exploring any gender differences within the accuracy and bias of these self-beliefs, were supplementary areas.
Methods
Participants
Schools across England were identified within categorised levels of mathematics/ physics attainment and progression into A-Level (see Table A1 ), using data provided by the Department for Children, Schools and Families (now known as the Department for Education), and those with above-average mathematics/physics attainment and/or progression were over-sampled. Such selection was necessary to provide insight into those students with the likely potential to continue to study A-Level mathematics/physics and their actual subject choices (although this selection influenced wider generalisation). Within the main categories, schools were also selected to cover sub-categories of students' socio-cultural statuses (represented by categories of students' eligibility for free school meals in schools, and by grammar schools), ethnically diverse or non-diverse schools, and single sex schools.
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Within schools, data collection targeted students predicted to attain A* to D grades at GCSE mathematics/physics (approximately the top two-thirds of students, again to provide insight into those students with the likely potential to continue to study A-Level mathematics/physics) and involved participants completing subject-specific questionnaires on two occasions; students were free to decline to participate or to omit responses to any particular question at any time. Students were followed where possible across any changes of school or college between the two phases.
From the wider data collected by the project, this specific work focused on a longitudinal cohort of students from England (1085 students, 434 male and 651 female) who responded at both Year 10 (age 15) in the first phase and Year 12 (age 17) in the second phase. This cohort covered 80 schools at Year 10 and 92 schools at Year 12. The schools were broadly spread across England with (at Year 12) 13% in the East, 4% in the East Midlands, 21% in London, 6% in the North East, 9% in the North West, 22% in the South East, 8% in the South West, 12% in the West Midlands and 5% in Yorkshire and the Humber.
Questionnaires
The student questionnaires allowed participants to report their agreement or disagreement (on Likert-type scales) with statements covering affective responses to academic subjects, lessons, teachers and wider views and subject-choice intentions (e.g. 'I intend to continue to study maths after my GCSEs'). Validated measures were used to inform the questionnaire design. For example, the self-concept measure focused on personally orientated perceptions of ability or mastery experiences (e.g. 'I do well in maths tests'), and perceived peer-comparison (or frame of reference effects, e.g. 'Thinking about your maths lessons, how do you feel you compare with the others in your group?'; see Bong and Skaalvik (2003) , for a detailed discussion of self-concept and potential measurement differences). Further measures were developed to cover perceptions of mathematics lessons and teachers, and other potential influences on subject-choices. The questionnaires were developed through five rounds of iterative piloting and refinement.
2 The final item structures were also confirmed (using the main project data) by principal component (and confirmatory factor) analysis. The scoring of items was reversed when necessary to ensure parity of the overall measures, which were calculated as the mean of the relevant individual items.
Self-belief and other measures
The measures were: self-concept (or belief of current/retrospective ability, attainment, or success; five items, e.g. 'I am good at maths'; a = 0.848 at Year 10 and a = 0.804 at Year 12); mathematics intrinsic motivation (or interest in or value of mathematics in itself; seven items, e.g. 'Maths is interesting'; a = 0.768 and a = 0.795); mathematics extrinsic motivation (utility of mathematics; five items, e.g. 'I think maths will help me in the job I want to do in the future'; a = 0.706 and a = 0.743); perceptions of mathematics lessons (six items, e.g. 'I enjoy my maths lessons'; a = 0.800 and a = 0.865); emotional responses to mathematics (four items, e.g. 'When I am doing maths, I am bored'; a = 0.610 and a = 0.701); perceptions of 466 R. Sheldrake et al. mathematics teachers (11 items, e.g. 'My maths teacher believes that all students can learn maths'; a = 0.880 and a = 0.918); advice or pressure to study mathematics (five items, including the influence of friends, teachers and family, e.g. 'My teacher thinks that I should continue with maths beyond my GCSEs'; a = 0.833 and a = 0.841); and home support for mathematics achievement (five items, e.g. 'Someone in my family wants me to be successful at school in maths'; a = 0.727 and a = 0.646).
At Year 10, the students reported their agreement or disagreement to a questionnaire item stating 'I intend to continue to study maths after my GCSEs'. At Year 12, the students listed the subjects that they were currently studying (which were subsequently coded to indicate whether mathematics was being studied or not by each student), and their agreement or disagreement towards the statements 'I intend to continue to study maths after this year' (i.e. in Year 13) and 'I intend to study maths at university'.
Selected tasks were also included at the end of the questionnaires, assessing students' skills in algebra and interpreting graphs, developed from earlier studies of mathematical proof and from PISA (Kuchemann, 2008; OECD, 2009) . Further items allowed the students to report their confidence in their answers (e.g. 'How confident are you that your answers to the racing car questions are correct'), providing a retrospective self-evaluative assessment of their task performance, together with task-specific measures of enjoyment, ease and interest. Students' task scores were calculated as the mean proportion of correct answers across the task questions. Students' Key Stage 3 (KS3) scores and GCSE grades were provided by the Department for Education.
Calibration measures
The degree to which self-beliefs or judgments (such as self-concept) reflect an actual situation (such as attainment evidenced through examinations) has been called 'calibration'; this can measure the overall accuracy of beliefs and the bias or direction of any discrepancy (Hacker et al., 2008) . Methodologically, calibration compares selfbeliefs against an external measure, such as test results, in various ways (e.g. Boekaerts & Rozendaal, 2010; Schraw et al., 2013) .
Calibration measures for each student were created through the 'difference score' method (Pajares & Graham, 1999) . The measures of self-belief (mathematics selfconcept and task confidence) and the measures of attainment (mathematics task performance, KS3 score and GCSE grade) were equalised to the same scales. At both phases, mathematics task confidence calibration bias was calculated by subtracting the students' task performance from the students' task confidence; mathematics selfconcept calibration bias was calculated at the first phase by subtracting the students' KS3 score from the students' self-concept reported at Year 10, and calculated at the second phase by subtracting the students' GCSE grade from the students' self-concept reported at Year 12. A positive calibration bias value denoted over-evaluation or over-confidence (the terms are used synonymously), a negative value denoted underevaluation or under-confidence and a value of zero denoted perfect accuracy in calibration. The calibration bias measures were converted to À1 to +1 scales and calibration accuracy measures on 0 to +1 scales were created by subtracting the absolute bias values from 1.
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Analytical approach
Initial descriptive statistics summarised the measures at Years 10 and 12, including any gender differences, in order to contextualise the sample. A series of linear regression models were then created in order to explore how the measures predicted students' GCSE mathematics grades and their reported intentions to study mathematics further. Logistic regression was similarly used to predict whether students reported that they were actually studying mathematics in Year 12 or not. The students were also grouped by their Year 10 and 12 self-concept calibration bias measures: values of À1 to À0.17 were classified as 'under-confident'; just above À0.17 to +0.17 were classified as 'accurate'; and just above +0.17 to +1 were classified as 'over-confident'; these boundaries allowed a divergence of AE0.5 of an original scale point away from absolute calibration to still be considered as accurate. The regression models were then repeated separately for each group to explore any potentially varying predictors.
Regression analysis assumes that residuals are normally distributed, with constant variance, and that errors are uncorrelated; residual plots were produced for the models and were satisfactory. Separating the analysis by Years 10 and 12 avoided issues of potentially correlated errors caused by the longitudinal sample. Table 1 summarises the sample, and differences between the measures at Years 10 (first year of GCSE) and 12 (first year of A-Level); Table A2 also provides a full correlation table. On the mathematics task level, confidence was higher at Year 12; the sample was generally slightly under-confident of their task ability at Years 10 and 12. On the subject level, mathematics self-concept beliefs were similar at both Years; the sample was slightly over-confident in their self-concepts at Year 10, but under-confident at Year 12. Table 1 also summarises mean gender differences. Girls had, on average, lower task scores and confidence, and lower self-concept beliefs, at Years 10 and 12, although there was no significant difference in boys' and girls' GCSE mathematics grades. A Pearson chi-square test highlighted that the boys and girls had similar distributions of GCSE mathematics grades (v 2 (6) = 6.709, p = 0.349), and most gained grade B and above (grade A*: attained by 28% of boys and 23% of girls; A: 41% of both boys and girls; B: 21% of boys, 26% of girls; C: 9% of boys, 10% of girls; D: 1% of both boys and girls). Boys and girls differed in their calibration of task confidence and self-concept beliefs at both Year 10 and 12: girls were more under-confident than 468 R. Sheldrake et al. 4.01 0.346 *** *** *** *** Notes: Overall sample: 1085 students, 434 male and 651 female (the exact number of students for each result may vary slightly due to missing data on the item level). Measures use 1-6 scales (1 = strongly disagree, 6 = strongly agree) unless specified otherwise. Key: All (mean for the whole sample); Boys (mean for boys); Girls (mean for girls);
Results
Summary statistics
D (Cohen's d, a measure of effect-size from independent-sample t-tests between boys and girls). Year 10 to 12 difference shows the significance of paired-sample t-test results (note that the paired-sample means can slightly differ from the other means shown in the table due to missing data on the item level). The significance of the t-tests results is shown by: ***p < 0.001; **p < 0.01; *p < 0.05; '-' p > 0.05, considered non-significant; '.' an inapplicable entry or comparison.
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Predictive models
The regression models could not include together the self-beliefs (task confidence and self-concept), their associated calibration accuracy and bias measures, and the attainment measures (task performance and KS3/GCSE grade) without indicators of multicollinearity, given that all these measures were related through the calibration calculation process. The models therefore included only the self-beliefs and calibration measures, omitting attainment, as these directly related to the research questions. Including interaction terms between the self-beliefs and their calibration bias measures produced low R 2 changes (predicting GCSE mathematics grade: R 2 change = 0.004, F change = 3.817, p = 0.022; predicting intentions reported at Year 10 to study mathematics in Year 12: R 2 change = 0.005, F change = 5.652, p = 0.004; predicting intention reported at Year 12 to study mathematics in Year 13: no significant change, p = 0.561; predicting intention reported at Year 12 to study mathematics in university: R 2 change = 0.008, F change = 4.992, p = 0.007), so calibration interaction effects were not explored further. Tables 2 and 3 highlight the significant predictors across the main models. The students' mathematics self-concept beliefs and the reported advice and pressure on students (i.e. suggestions from teachers and parents and their friends' choices) were significant in all models. At Year 10, mathematics self-concept and self-concept calibration bias had the largest relative influences on students' subsequently-attained GCSE mathematics grades. At Year 10, the reported advice or pressure to study mathematics, self-concept and extrinsic motivation associated with mathematics had the largest relative influences on students' reported intentions at Year 10 to study mathematics into Year 12. Extrinsic motivation reported at Year 10, however, was not significantly predictive of whether the students reported that they were actually studying mathematics in Year 12. Instead, self-concept, advice or pressure and the students' emotional response to doing mathematics were the three significant influences with the largest changes in odds of the students studying mathematics in Year 12. At Year 12, extrinsic motivation and intrinsic motivation reported at Year 12 were both significantly predictive of students' intentions reported at Year 12 to study mathematics into Year 13 and into university.
Across these models, self-concept calibration bias was significantly predictive while both the task confidence calibration accuracy and self-concept calibration accuracy were not; task confidence calibration bias was only significantly predictive of GCSE mathematics grades and whether the student was studying mathematics in Year 12. The negative regression coefficients associated under-confidence with higher attainment and intentions to continue studying mathematics (and the opposite case for over-confidence).
In Table 3 , the influence of Year 12 mathematics self-concept calibration bias was also (perhaps surprisingly) stronger than the self-concept itself when predicting the 470 R. Sheldrake et al. Predicting the students' attained GCSE mathematics grades (1-9, 9 = A*)
Predicting the students' reported intention at Year 10 to study mathematics in Year 12 (1-6, 1 = strongly disagree, 6 = strongly agree)
Predicting if the students listed at Year 12 that mathematics was a studied subject
Gender (0 , in logistic regression, the change in the odds of the student listing mathematics, given a unit change in the predicting measure, when all other predictors are held constant; the sign of the original B coefficient in the logistic regression model has also been included for information in brackets when negative; gender in the logistic regression model represents the change in odds associated with a change from female to male; ***p < 0.001, **p < 0.01, *p < 0.05, '-' p > 0.05, considered non-significant. Significant predictors are also highlighted in bold. Model 1 (n = 925 due to listwise handling of missing data) notes: adjusted R 2 = 0.468; model SE = 0.699; F(17, 907) = 48.752, p < 0.001 (significance represents that the model was sound). Model 2 (n = 915) notes: adjusted R 2 = 0.558; model SE = 1.043; F(17, 897) = 69.001, p < 0.001. Model 3 (n = 918) notes: Hosmer and Lemeshow Test v 2 (8) = 10.364, p = 0.240 (non-significance represents that the model was sound).
Students' intentions to study non-compulsory mathematics 471 students' intentions to study mathematics into Year 13 and at university. To explore this further, the Year 12 regression models were repeated with the self-belief calibration measures replaced by the attainment measures (i.e. with the self-concept calibration measures replaced by the GCSE mathematics grade and with the task confidence calibration measures replaced by the mathematics task score); these models had similar fit and significant predictors to the original models, excepting that self-concept was no longer significant while the GCSE mathematics grade was. (Predicting the intention to study mathematics in Year 13: adjusted R 2 = 0.556; model SE = 1.446; F(15, 732) = 63.327, p < 0.001; GCSE mathematics grade b = 0.211, p < 0.001; mathematics self-concept b = À0.024, p = 0.544; other variables were significant or 472 R. Sheldrake et al.
not as per the original model and task score was non-significant. Predicting the intention to study mathematics at university: adjusted R 2 = 0.412; model SE = 1.268; F (5, 689) = 33.909, p < 0.001; GCSE mathematics grade b = 0.139, p < 0.001; mathematics self-concept b = 0.004, p = 0.935; other variables were significant or not as per the original model, and task score was non-significant.) The Year 10 models were also repeated for comparison, with the calibration measures replaced by the KS3 mathematics attainment; however, these highlighted the significance of both the self-concept belief and the KS3 attainment on GCSE attainment, choice intentions and whether the student actually studied mathematics in Year 12. These results may highlight the importance of the tangible GCSE grade on students' upper-secondary and university choices; the explanatory power of the calibration bias measure at Year 12 may then also partially result from being calculated in conjunction with the GCSE grade (but it can also be assumed that students' self-concept beliefs are formed, to some degree, by reference to their GCSE attainment).
Predictive models by calibration groups
Since the calibration bias measures use a continuous scale of under-confidence through accuracy through to over-confidence, their influence within predictive models is harder to interpret. Further models were then produced to highlight any differences between under-confident, accurate and over-confident groups of students; these aimed to produce illustrative models as groups can be defined according to various boundary values or different methods. As the groups were defined from students' self-concept calibration bias, this was not included as a predictor within the models. Tables 4-8 show the grouped models. Some differences between the models for each group can be seen, although no clear patterns emerged.
Discussion
The results confirm the influence of self-beliefs on attainment and subject-choices, and highlight that the associated degree of under-confidence or over-confidence is also influential.
Under-confident/under-evaluated self-beliefs (for both mathematics self-concept and task confidence) were associated through linear regression with increased GCSE mathematics attainment, and over-confident beliefs with decreased attainment; the magnitude of the standardised coefficients highlighted that the self-beliefs still had a larger influence than their associated calibration bias measures. These results are similar to those from undergraduate and graduate students in North America, where higher performance was associated with slight under-confidence and lower performance was associated with over-confidence (e.g. Ackerman & Wolman, 2007; Bol et al., 2005) . While under-confidence has been associated with affective costs (e.g. Narciss et al., 2011, who considered students in Germany), especially in studies with younger students, the results here also suggest that over-confidence may require attention in older students.
Contrary to the earlier hypothesis, under-confidence of self-beliefs of ability was associated through the regression models with higher intentions to study mathematics Students' intentions to study non-compulsory mathematics 473 further. However, using calibration on a continuous scale from under-confidence through accuracy through to over-confidence means that such results are harder to interpret; while the separate group models suggest small differences in influential factors across the calibration groups (but with no clear patterns), further research is needed to explore the influence of the magnitude of under-confidence or over-confidence in isolation, or through other improved methodologies. In contrast to some earlier studies of secondary students (Chen, 2003; Chiu & Klassen, 2010) , the measures of calibration accuracy were (surprisingly) not significantly predictive of mathematics attainment. Further work is also needed to explore this result, perhaps using varied calibration calculation methodologies; however, in an applied comparison of methodologies, Boekaerts and Rozendaal (2010) also found that a calibration accuracy measure was less predictive when compared with a bias measure. The potential problem of generalisation across varying student ages, numbers and calibration calculation methodologies may also be highlighted here.
Intrinsic motivation for mathematics at Year 10 was not predictive of students' GCSE mathematics grades or their reported intentions to study mathematics into Year 12, while intrinsic motivation at Year 12 did predict the students' reported intentions at Year 12 to study mathematics into Year 13 and into university. The extrinsic motivation associated with mathematics was also not predictive of GCSE mathematics grades, but predicted students' reported intentions given at Years 10 and 12 to study mathematics further. These different and changing influences of intrinsic and extrinsic motivation on attainment and intentions over time match earlier research findings (Bong, 2001; K€ oller et al., 2001) .
Girls were on average, as hypothesised, more under-confident than boys for both their task-level confidence and their subject-level self-concepts for mathematics, which is consonant with earlier studies with slightly younger students (Boekaerts & Rozendaal, 2010; Gonida & Leondari, 2011) . Girls also reported lower self-concept beliefs, again similar to general findings (e.g. Fredricks & Eccles, 2002) . Interestingly, gender was not a significant predictor of GCSE mathematics attainment or of whether students were actually studying mathematics at Year 12, although gender did predict students' intentions reported at both Years 10 and 12 to study mathematics further, with boys expressing greater intentions to continue to study mathematics into the future. Gender was also highlighted when considering the calibration bias groups: for the under-confident and accurate groups, boys were associated with Students' intentions to study non-compulsory mathematics 475 higher reported intentions; this means that for students with accurate self-concept beliefs, girls were still less likely to intend to study mathematics at university, for example, and especially so for under-confident students. It is possible that the nonsignificance of gender on whether students were actually studying mathematics at Year 12 or not relates somewhat to the specific longitudinal sample used; assuming that the sample generalises to students with above-average attainment, then a nationally representative sample may potentially produce differing results. Mathematics grades may have a larger positive influence on perceived mathematics ability for girls (Correll, 2001) , and perhaps also on their other self-beliefs or even their actions (i.e. actually selecting a subject) compared with their intentions (but see also Crombie et al., 2005) . This area (and the alternate regression models using attainment grades instead of calibration bias) highlights that further comprehensive research, including attainment measures, would be necessary to clarify the factors that influence subjectchoices; the influence of GCSE grades compared with self-concepts beliefs may vary over time, in certain situations or for particular groups of students.
A number of methodological points are also relevant. The calibrations of students' self-beliefs were produced through comparisons with single measures of attainment as extensive data was not available. The time between the attainment measures and the reported self-concepts (i.e. between the KS3 tests and Year 10 self-concept, and between the GCSE grade and Year 12 self-concept) may also have introduced unknown variability: a student's KS3 score may have been low, for example, but subsequent effort could have resulted in higher school test results or homework marks in the meantime; a high reported self-concept at Year 10 may then have been more accurate than the measure used here would show. The proposed reciprocal relation between self-concept and attainment (Huang, 2011 ) also highlights the importance of considering when measures are collected in time. Considering the relative influence of attainment (and other factors) on self-beliefs would also help clarify suitable indicators for use in calibration measures; the mastery experiences that influence selfconcept beliefs (Bong & Skaalvik, 2003) may include GCSE grades, for example, but also classroom and homework performance. Prior attainment itself has strong influences on GCSE grades and subject-choice intentions, but the calibration calculation method ensured that attainment could not also be included in the regression models. As this work shows, considering the accuracy of self-beliefs is informative, but researchers would need to decide whether the loss of any other information is an acceptable trade, which also depends on research questions, calibration calculation methods, and analytical approaches. Further work Students' intentions to study non-compulsory mathematics 477 from the wider project (using additional data) aims to explore the reasons for subject choices, including attainment, wider student factors such as ethnicity, and wider home and school factors, which may all have varying degrees of influence on attainment and subjects choices.
Wider implications
The importance of students studying mathematics at upper-secondary school and at university has been frequently highlighted, together with recommendations that mathematics and science curricula should be engaging to both girls and boys, and that further research into understanding motivations for upper-secondary subjectchoices is needed (The Royal Society, 2011) .
In order to increase the number of students studying non-compulsory mathematics, the introduction of further types of qualifications or mathematics pathways has been recommended (e.g. ACME, 2012; Hodgen et al., 2013) , anticipating or linking with reforms of GCSE and A-Level qualifications, which have been expected since 2010 (Department for Education, 2010). However, such reforms, which include proposed moves away from modular assessment, and any further alternate qualifications and pathways, may not necessarily produce these expected increases in students 478 R. Sheldrake et al. studying mathematics at A-Level. It is possible that some alternate pathways might be seen as more realistic or achievable for those with under-confident beliefs who would not have considered A-Level mathematics in itself, but other significantly influential factors on intentions to study mathematics, such as students' extrinsic motivation associated with mathematics and their emotional response to doing mathematics, for example, are dependent on the information available (whether of mathematics qualifications, pathways, university courses and careers, with their associated benefits) and actual teaching practices and curricula.
Differences between girls' and boys' beliefs and attitudes related to mathematics and subject-choices are not always considered within educational policy (e.g. Department for Education, 2010). Given the gender differences in, for example, the formation of beliefs of ability (Correll, 2001) , influences on intentions to study mathematics (Crombie et al., 2005) , and perceptions of classroom environments (Gherasim et al., 2013) , and the results presented from this study, it is important for these to be recognised at least at the level of classroom teaching practices.
Given the influence of self-beliefs and positive attitudes on attainment and subject-choice intentions, it is important that schools consider how these can be improved. Despite this, few interventions have attempted to provide experimental evidence on whether improving attitudes and aspirations would increase students' choices of mathematics in upper-secondary and university education. In isolation, positive encouragement intending to enhance students' self-beliefs of ability, attainment, or success, may result in over-confidence, however. Improving the accuracy of students' beliefs may be a more realistic focus: if this is undertaken simultaneously with the development of students' skills, it can be ensured that increased skills lead to increased (but accurate) self-beliefs, rather than leaving beliefs to remain underconfident or over-confident. This process can be considered through applications of self-regulated learning, the importance of which has been frequently highlighted within mathematics education (e.g. De Corte et al., 2011) . Self-regulation is considered to be a process or system including beliefs, feelings and actions which are planned and cyclically adapted in order to achieve personal aims or goals (Zimmerman, 2000) ; accurate beliefs are necessary to identify discrepancies between a current state and a goal, so that further effort or strategies can then be applied to help achieve the overall goal. Fostering students' self-evaluation, self-reflection and selfmonitoring skills can both increase the accuracy of their beliefs and allow effective self-regulation of their studies and perhaps other areas of life.
A meta-review of self-regulated learning interventions (Dignath & B€ uttner, 2008 ) highlighted numerous differences between those undertaken at primary and secondary schools. Interventions had higher effect sizes on primary students' mathematics performance than on secondary students, which suggests the benefit of earlier attention. While some attempts to improve calibration or promote metacognition have proven unsuccessful (e.g. Bol et al., 2005) , others have produced benefits. For example, providing metacognitive instruction to lower-secondary students gave benefits to mathematics problem solving (Kramarski et al., 2002) ; secondary students who practiced calibration also had increased accuracy and attainment in biology (Bol et al., 2012) . The exact result of any intervention may nevertheless be hard to predict: an experiment to improve calibration accuracy with Grade 5 students in North America, Students' intentions to study non-compulsory mathematics 479 for example, resulted in over-confidence for those who received the training compared with other students (Huff & Nietfeld, 2009) ; however, receiving feedback increased the accuracy of mathematics self-evaluations for Grade 5 students in Germany, and in over-confident students the feedback additionally led to slightly increased performance (Labuhn et al., 2010) .
Self-regulated learning ultimately requires students to be aware of their own abilities, but the theory recognises that external feedback may be necessary before students are able to develop to a level where self-regulation can be independently controlled by the students themselves (Zimmerman, 2002) . Teachers are therefore important in providing direct feedback on students' abilities and progress; teachers' perceptions of students' abilities may additionally influence their teaching approaches and activities, including effectively adapting content to students' learning requirements. As Praetorius and her colleagues suggest (Praetorius et al., 2013) , teachers' beliefs of students' abilities and their relative accuracy could be used to optimise learning: for under-confident students, teachers could provide achievable work (potentially but not necessarily easier than usual) to facilitate mastery experiences (influential to the formation of self-concept and self-efficacy beliefs; Bong & Skaalvik, 2003) where the student can attribute success to their own abilities; for accurate students with strong abilities, teachers could provide work slightly above the students' skill level to facilitate progression. Of course, this requires teachers to judge students' abilities and beliefs with reasonable accuracy. Praetorius and her colleagues found that many teachers in Germany were less accurate and were over-confident of their judgements of students' abilities, and teacher confidence was higher for more extreme judgements (i.e. students judged to be of very low or very high ability; Praetorius et al., 2013). The use of calibration measures may be one way for teachers to become more aware of their students' perceived performance.
Conclusion
The degree of under-confidence or over-confidence associated with self-beliefs of ability was a significant predictor of students' GCSE mathematics grades, non-compulsory (post-16) subject-choice intentions and actual subject-choices of A-Level mathematics. In addition to students' self-concept and its associated degree of underconfidence or over-confidence, further factors also significantly influenced students' intentions at Year 10 to study mathematics into Year 12, namely the advice or pressure given to do so, the extrinsic motivation associated with mathematics, the gender of the student, and the emotional response to doing mathematics. These same factors were significant influences on students' intentions at Year 12 to study mathematics into university, with the addition of their intrinsic motivation associated with mathematics. Additionally, girls were generally more under-confident than boys in their self-beliefs. Although gender was not a significant influence (for this longitudinal sample of relatively highly-achieving students) on GCSE mathematics grades or whether students actually studied A-Level mathematics, boys were associated with higher intentions to study mathematics into Year 12 and into university, reported at Year 10 and 12.
These influential factors may be dependent, to varying extents, on teaching practices and curricula. The advice and information provided to students (whether of 480 R. Sheldrake et al. mathematics qualifications, pathways, university courses, and careers, and their associated benefits), for example, also become relevant. Improving the accuracy of students' beliefs may be possible through advice, feedback, or applications of selfregulated learning. Of particular importance is the suggestion that teachers should be aware and reflective of their own beliefs of their students' abilities, especially with regard to how this influences their attitudes towards their students, any advice given, or the tailoring of tasks to students. 486 R. Sheldrake et al. Students' intentions to study non-compulsory mathematics 487 
